ABSTRACT
Terapia Triple Basada en Levofloxacina para Erradicar la

RESUMEN
Objetivos: Este estudio tiene por objeto investigar sesiones de siete y diez días de terapia triple basada en levofloxacina, así como el efecto de la concentración de la levofloxacina en una mucosa gástrica en la erradicación de Helicobacter pylori (Hp).
Métodos: Levofloxacina (500 mg qd), esomeprazol (20 mg una oferta) y amoxicilina (1000 mg bid) fueron usados para tratar a 240 pacientes Hp-positivos con gastritis crónica. Los pacientes fueron divididos aleatoriamente en grupos de tratamiento de siete y diez días (n = 120 en cada grupo
INTRODUCTION
Helicobacter pylori (referred to as Hp) is the main pathogenic factor of chronic gastritis, peptic ulcer, gastric carcinoma and gastric mucosa-associated lymphoid tissue lymphoma. Helicobacter pylori eradication is important in treating peptic ulcer, preventing ulcer recurrence, alleviating gastritis symptoms and preventing cancer (1) (2) (3) (4) . A triple regimen which consists of a proton pump inhibitor (PPI), amoxicillin, clarithromycin and metronidazole is currently the most commonly used treatment to eradicate Hp and has a failure rate of 20% to 30% (5) (6) (7) (8) . Antimicrobial drug resistance is an important cause of failure of Hp eradication (9, 10) . Therefore, finding new treatments is an urgent need. According to the Maastricht IV consensus (11), levofloxacin can be used as a first-choice treatment of Hp infection. Studies (8) have shown that when the eradication regimen which contains levofloxacin was used for remedial treatment, the total eradication rate of the ten-day course was higher than that of the seven-day course. For the initial Hp treatment, few reports are available on the effect of the different courses of the levofloxacin-containing regimen on Hp eradication.
Pharmacological analysis revealed that the success of antibiotic treatment depends on the local antibiotic concentration of the treatment position. Helicobacter pylori can specifically colonize the gastric mucosa and mucosal surface. Thus, successful treatment relies on achieving an effective bactericidal concentration of antibiotics in Hp colonisation sites. However, few studies on this treatment have been reported. This study aims to compare the curative effect of the seven and ten-day course treatments of the levofloxacin-based triple regimen as initial treatment of Hp infection. The effect of the local levofloxacin concentration in the gastric mucosa on the eradication rate of Hp was observed.
SUBJECTS AND METHODS
Inclusion criteria
We included a total of 240 patients. All patients were diagnosed with chronic gastritis with a positive Hp through endoscopic rapid urease test or 14 C urea breath test. The male and female patients, whose ages ranged from 18 to 70 years, had not received formal Hp eradication treatment. Prior to treatment, signed informed consent was obtained from the patients. This study was conducted in accordance with the Declaration of Helsinki. This study was conducted with approval from the Ethics Committee of Anhui Medical University. Written informed consent was obtained from all participants.
Exclusion criteria
The exclusion criteria were as follows: previous eradication treatment of Hp; intake of antibiotics, bismuth, H2 receptor antagonists and proton pump inhibitor (PPI) two weeks prior to the treatment; history of allergy to penicillin or clarithromycin, intake of non-steroidal anti-inflammatory drugs, antiplatelet, anticoagulant drugs and drugs which can damage the gastric mucosa in the recent three months, patients who underwent subtotal gastrectomy, existing diseases such as severe liver disease, heart disease, kidney disease, malignant tumour and alcoholism, which may influence the evaluation and pregnant or lactating women.
Rejection criteria
The rejection criteria were disease progression or emerging severe complications, serious adverse reactions during treatment, other emerging disease interference observed during treatment and a lack of follow-up.
Grouping and administration method
The patients were randomly divided into two groups. A total of 120 patients of the seven-day course group were administered 20 mg of esomeprazole twice daily (nexium, 20 mg/ tablet, H10980067; AstraZeneca Pty Ltd, Sweden), 1000 mg of amoxicillin twice daily (amoxicillin, 500 mg/tablet, H20003263; Zhuhai Union Pharmaceutical Co Ltd, Zhuhai, China) and 500 mg of levofloxacin once daily (cola Erbitux, 0.1 g/tablet, H10980067; Beijing Double-Crane Pharmaceutical Company, Beijing, China) for seven days. The ten-day course group, which comprises 120 patients, was administered the same programme for ten days. After informed consent was obtained, four blocks of gastric antrum mucosa were cut from the patients of the seven-day group who volunteered for the detection of levofloxacin concentration by using highperformance liquid chromatography (HPLC).
Collection and treatment of gastric mucosa specimen
On the first day after the seven-day levofloxacin-based triple therapy, the subjects underwent endoscopic examination. Four blocks of gastric antrum mucosa were obtained and weighed by using electronic scales. The surface of each detected gastric mucosa was washed with physiological saline dried, ground and weighed. The homogenate was diluted to 1:9 with saline and gastric mucosal homogenates were centrifuged at 5000 rpm for ten minutes in a refrigerated centrifuge. Then, the supernatant was harvested, and the same volume of trichloroacetic acid was added to precipitate the protein. The mixture was vortexed for two minutes and centrifuged at 12 000 rpm for 10 minutes in a refrigerated centrifuge. A total of 20 µl of supernatant was obtained for concentration analysis.
Levofloxacin standard (purity > 99.9% Lot: BCBF7004V) and acetonitrile HPLC grade were purchased from Sigma and Tedia (USA), respectively. Levofloxacin concentration was analysed by using Agilent 1100 HPLC.
The chromatographic conditions were as follows: column, Hypersil ODS C18 (4.6 mm × 250 mm, 5 µm), oven temperature, 40 °C, mobile phase, acetonitrile, 50 mmol.L −1 citric acid, 1 mol.L -1 ; ammonium acetate, 27;72:1 flow rate, 1.0 mL.min The intra-and inter-day RSD were all < 10%, with a relative recovery rate of > 80%. Therapeutic evaluation A week prior to enrolment, Hp infection was diagnosed based on Hp-positive results obtained by the endoscopic rapid urease test or the 14 C urea breath test. After four weeks of treatment, 14 C urea breath test with negative Hp was diagnosed as Hp eradication.
Therapeutic evaluation items
The patients were examined before the treatment, seven to ten days after the treatment and four weeks after termination of administration. Symptoms, improvements, medications and adverse reactions were recorded in detail.
Statistical analysis SPSS 13.0 software was used for statistical analysis. Intention-to-treat (ITT) and per-protocol (PP) analyses were carried out to evaluate the Hp eradication rate. Clinical data, Hp eradication rate and gastric mucosa concentration of the two groups were compared by performing t-test, χ 2 test and t-test on an independent sample, respectively.
RESULTS
General data
A total of 240 patients were enrolled, including 106 males and 134 females aged 18 to 65 years. In the seven-day group, 113 patients completed treatment and follow-up examination and seven patients did not complete follow-up. In the ten-day group, 111 patients completed treatment and follow-up examination and nine patients did not complete follow-up. The difference between the patients' age, gender, smoking, alcohol consumption and proportion of compliances of the two groups exhibited no statistical significance (p > 0.05), as shown in Table 1 .
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Comparison of Hp eradication
Intention-to-treat and per-protocol analyses showed that the absolute value of the Hp eradication rate of the ten-day group was higher than that of the seven-day group, but the differences were not statistically significant (Table 2) . 
Effect of gastric mucosa levofloxacin concentration on Hp eradication
In the seven-day group, 61 patients completed levofloxacin concentration detection and follow-up examination. The results showed that eradication was successful in 51 patients and failed in 10 patients. The average levofloxacin concentrations in the gastric mucosa of patients with successful Hp eradication and failed Hp eradication were 7.164 ± 2.097 µg/g (0.796 ± 0.233 µg/mL) and 4.869 ± 1.713 µg/g (0.541 ± 0.190 µg/mL), respectively. The levofloxacin concentration of patients with successful Hp eradication was higher than that of patients with failed Hp eradication. The difference between the two groups was statistically significant (p = 0.005).
Safety evaluation
A total of nine and 12 patients from the seven and ten-day groups of levofloxacin-based triple therapy, respectively, had adverse reactions. The main adverse reactions were nausea, vomiting, a bitter taste, dizziness, headache, diarrhoea and weakness, which were all mild and did not influence the completion of treatment. The comparison of the adverse reaction
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between the two groups had no significant difference (p = 0.372).
DISCUSSION
According to the Maastricht IV consensus (11), levofloxacin can be used for Hp eradication therapy and prolonging treatment duration improves Hp eradication rate. This study compared the Hp eradication effect of seven and ten-day courses of levofloxacin triple therapy. The Hp eradication rate of the seven-day course therapy was similar to that of the ten-day course therapy without significant difference. The failure of the ten-day course therapy to significantly improve the eradication rate of Hp may be attributed to the high resistance rate of levofloxacin in China. Song et al (12) , reported that China's levofloxacin resistance rate is 30% to 38%. The failure may also be due to levofloxacin dosage. The levofloxacin dose is 500 mg bid for Hp eradication in the foreign literature and the Hp eradication rate is about 90% (13, 14) . Pharmacological analysis demonstrated that the treatment is successful when antibiotics attain an effective bactericidal concentration in Hp colonisation sites. Hp eradication is closely associated with the minimum inhibitory concentration (MIC) of levofloxacin in Hp strain. A related study (15) conducted in China showed that the levofloxacin MIC in Hp strain ranges from 0.0625 µg/mL to 8.00 µg/mL. This study compared the levofloxacin concentrations in the gastric mucosa of the successful and the failed Hp eradication groups. The levofloxacin concentration of both groups achieved the levofloxacin MIC in the Hp strain. The concentration in the gastric mucosa of the successful Hp eradication group was higher than that of the failed Hp eradication group and no significant difference was found between the two groups. Therefore, this study showed that 500 mg of levofloxacin once daily can achieve effective anti-Hp effect in the stomach. A higher concentration of levofloxacin in the gastric mucosa corresponds to easier Hp eradication. Increasing the levofloxacin dose may partly overcome the effect of levofloxacin resistance.
Patients with the same Hp eradication programmes had different levofloxacin concentrations in the gastric mucosa. This finding may be due to differences in levofloxacin gastric mucosal transport. Studies have shown that levofloxacin has active transport characteristics in the kidney (16) , intestine (17, 18) and the placental barrier (19) . P-glycoprotein and organic cation transporters (OCT) inhibitors are the definite participating transporters. However, studies on gastric transporters are limited. Further research and exploration are necessary to investigate whether the levofloxacin transport is active and whether the participating transporters have individual differences, thereby causing varying concentrations.
